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A constant antisymmetric 2-tensor can arise in general relativity with spontaneous symmetry 
breaking or in field theories formulated in a noncommutative space-time. In this work, the one- 
loop contribution of a nonstandard WW"/ vertex on the flavor violating quark transition qi — >■ Qjj 
is studied in the context of the electroweak Yang-Mills sector extended with a Lorentz-violating 
^^ ■ constant 2-tensor. An exact analytical expression for the on shell case is presented. It is found that 

Cn ' the loop amplitude is gauge independent, electromagnetic gauge invariant, and free of ultraviolet 

divergences. The dipolar contribution to the 6 — ^ S7 transition together with the experimental data 
on the B — > Xsf decay is used to derive the constraint Alv > 1-96 TeV on the Lorentz-violating 
scale. 
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I. INTRODUCTION 



»[T^, At present, there is interest for studying possible deviations of the Lorentz symmetry, mainly since Kostelecky and 

(-H ' Samuel discovered that certain mechanism in string theory can cause a spontaneous breaking of this symmetry 1|. 
Some mechanisms of violation of Lorentz symmetry have also been found within the context of quantum gravity 2|. 
Since these theories have not been sufficiently developed, an effective field theory that contain both the Standard 
Model (SM) and gravity has been formulated. This effective theory, for vifhich exists a minimal version without 
gravity Q, is called the Standard Model Extension (SME) [J]. Although motivated from specific scenarios in the 
fvqj I context of string theory or general relativity with spontaneous symmetry breaking, the SME is beyond these specific 
(^ . ideas due to its generality, which is the main advantage of effective field theories. Thus the SME provides us a 
CO ' powerful tool for investigating Lorentz violation in model-independent manner. Lorentz violation also arises within 
I — I , the context of field theories formulated in a noncommutative space-time [5|. The idea that the space-time might 
f~^ ' be noncommutative at short distances or very high energies has been the subject of renewed interest recently due 
f^ ' to the Seiberg-Witten's string inspired results [6|, which allow one to connect commutative and noncommutative 
^-H ■ gauge theories. A method to formulate the noncommutative SM (NCSM) as an effective theory, which is expressed in 
^ I powers of the noncommutativity parameter, has been proposed in Refs. 0, Q- The effective theory that results from 
• 'H this formulation of field theories is less wide than the SME, as it arises from the specific idea of noncommutativity 

^% of the space-time. Indeed, as it has been shown in Ref. [9|, the NCSM is a subset of the SME. Although these 

effective theories introduce constant background fields that carry Lorentz indices, they are not Lorentz invariants 
under general Lorentz transformations, but only under observer Lorentz transformations. As it has been discussed 
in reference [9|, there are two distinct classes of Lorentz transformations, namely, the observer and particle Lorentz 
transformations. The former class of Lorentz transformations corresponds to a change of coordinates, whereas the 
latter can be associated with a change of the measurement apparatus [lOJ . 

A violation of Lorentz symmetry would clearly be a dramatic indication of new physics. Since this class of physical 
phenomenon could be originated at very high energies, their low-energy manifestation only could be detected in 
those processes that are very suppressed or forbidden within the SM. Precision observables constitute also an unique 
laboratory to test the standard model (SM). Is the case of the B -^ Xgj decay, which is potentially sensitive to new 
physics effects and has been measured with good accuracy, showing no deviations from the SM [11| . This means that 
this observable may provide stringent constraints on physics beyond the electroweak scale. At the quark level, the 
& — >■ 57 transition contributes to _B — )• Xsj via a dipolar electromagnetic transition. In the SM, this radiative process 
first arises at the one-loop order, but still has a relatively large branching ratio because of the nondecoupling effect 
of the top quark loop and the large CKM VtbVfZ factor. The rare b ^ s'y decay has shown to be very sensitive to 
possible new physics effects in diverse scenarios [I4] . Its sensitivity to new physics effects has been studied in countless 
approaches beyond the SM, as supersymmetric models [ij], the two Higgs doublet model p^, left- right symmetric 
models [l^ , technicolor models [ifll , models with a fourth generation [i3| , supergravity models [l^l , the littlest Higgs 



model [19J, unparticle interactions [20|, 331 models [2l|, and extra dimensions [2^. In particular, the sensitivity of 
this observable to new physics effects via an anomalous WW^ vertex has been investigated by some authors |23l - [27| 
in the context of the effective Lagrangian approach [2a| . This effective field theory (which from now on will be called 
conventional effective field theory (CEFT) for comparison purposes) differs from both the SME and the NCSM, as 
it is formulated under the assumption that it respects simultaneously both the Lorentz and the gauge symmetries. 
Below, we will see that there are some interesting differences among the SME, the NCSM, and the CEFT. 

In this work, we are interested in investigating the sensitivity of the 6 — > 57 transition to an anomalous WWj 
vertex that can arise, in the context of both the SME and the NCSM, from an electroweak Yang-Mills sector coupled 
with a constant antisymmetric 2-tensor b"^ . This constant background field that arises in the context of the NCSM 
as measurement of the noncommutativity of the space-time (usually established as [x", x^] — iO"^ Q) or as a vacuum 
expectation value of a tensor field B"^ [2^ in general relativity, has not been still considered in the SME up to 
now, as only have been introduced observer invariant interactions of dimension lower than four that not involve 
constant objets with two indices. The fact that this constant background field arises naturally in both of these 
formulations of Lorentz violation, constitutes an important incentive for studying some of its possible low-energy 
manifestations. Another motivation for studying Lorentz violation via this tensor arises from the fact that it can 
couples with a dimension-six 5[/l(2) x C/y(l)-invariant operator constructed only with the strength tensor associated 
with SUl{2), which, in its Lorentz invariant version, has been the subject of important interest in the literature |23l - 
|27J, |30[. On the other hand, as discussed in the context of string theory quantization 6] and in general relativity with 
spontaneous symmetry breaking [29[, there exists more than a simple analogy between the six b"^ quantities and 
the six components of the electromagnetic field tensor F"^ . For any practical purpose, the dimensionless constant 
background fields e' = A|y6°' and 6' = [1 /2)K\ye'^^^V^ , with A^y the new physics scale, play the role of an external 
agent that would induce deviations from the SM predictions, which in principle could be observed in future high-energy 
experiments. 

As mentioned, we will focus on the Yang-Mills part of the effective Lagrangian that characterizes the SME (or 
also the NCSM) modified by the presence of an observer invariant that arises from the contraction of 6"^ with 
a Lorentz 2-tensor that is invariant under the SUl{'2) gauge group. This extended Yang-Mills sector generates a 
nonrcnormalizable WWj vertex, which differs substantially from the one studied in references [23l - |27| within the 
context of the CEFT [28| . As we will see below, the anomalous WW^ vertex arises in the SME (or in the NCSM) 
from a dimension-six operator which is invariant under the SUl{2) gauge group but it is a 2-tensor under the Lorentz 
group, whereas in CEFT this operator is invariant under both the gauge group and the Lorentz group. Technically 
speaking, this means that only the antisymmetric part in the two Lorentz indices contributes to physical amplitudes 
in the SME due to the antisymmetry of b"^ , whereas only the symmetric part contributes in the CEFT, as in this 
case the Lorentz invariant operator is obtained through a contraction with the metric tensor g"^ instead of 6"^^ . This 
facts make essentially different our analysis from those presented in references |23l - l27| . Although our main purpose 
in this work is to study the impact of Lorentz violation on the 6 — >■ 57 decay, we will present exact formulae for 
the general on-shell qi — > Qj^ process. As we will see below, the corresponding vertex functions are independent of 
the gauge-fixing procedure used to define the W propagator, electromagnetic gauge invariant, and free of ultraviolet 
divergences. 

The rest of the paper has been organized as follows. In Sec. HIl the extended Yang-Mills sector of the SME or 
the NCSM at first order in the background tensor field b"^ is presented and the Feynman rule for the WW"/ vertex 
is calculated. The differences that present this Lagrangian with respect the one studied in CEFT are discussed. 
Sec. Hn] is devoted to calculate the amplitude for the qi — >■ QjJ decay. Special attention is put on some features of 
the amplitude, such as gauge independence and electromagnetic gauge invariance, as well as its finite character. In 
Sec. lIVI the contribution of the 6 — >■ 57 transition to the B —>■ Xsj process is calculated and used to determine a lower 
bound for the Lorentz violation scale. Finally, in Sec. |V] the conclusions are presented. 

II. THE EFFECTIVE YANG-MILLS LAGRANGIAN 

To begin with, we present a brief discussion on the main differences among the SME, the NCS, and the CEFT 
formulations of effective field theories. As mentioned in the introduction, the extended electroweak Yang-Mills sector 
that we will consider here can arise in both the SME and the NCSM, the latter being a subset of the former [y]. 
Therefore let us first to compare the NCSM with the CEFT. The NCSM is characterized by an effective Lagrangian 
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where £sm is the usual SM Lagrangian. Here O^^^'^, of^^^^, • • • , are sets of iVg, ^8, ■ ■ ■ , S'^c(3) x SUl{2) x C/y(l)- 
invariant operators of canonical dimension 6,8, • • • , and Lorentz tensors of rank 2,4, • • • , respectively, which couple 
to the constant background tensor 9"^ . It should be noticed that due to the antisymmetric character of 0"^ only the 
antisymmetric part of the gauge invariant Lorentz tensors Ol^a, ^iaSuv' ' ' ' '^^^ contribute. As commented in the 
introduction, a CEFT is constructed with nonrenormalizable operators O^"^' of dimension n > 4 that are invariant 
under both the gauge and the Lorentz groups: 

CcEFT = CsM + Y.T.^M''^- (2) 

n— 5 i—1 

It is not difficult to convince ourselves that the symmetric part of the Lorentz tensors appearing in Cncsau defined 
through the contraction with the metric tensor O^ = g°'^0\^n, 0\ — 9"^g^'^0\L^ + ■ • • , are present in the 
CEFT, as CcEFT contains all the operators that respect both the gauge and Lorentz symmetries [28[. However, as 
already commented, it is important to stress that the contribution to physical observables of the operators appearing 
in CcEFT would differ from those in Cncsau as in the former case only contributes the symmetric part of the O^Jn, 

O^J,g, ■ ■ ■ Lorentz tensors, whereas in the latter only contributes the antisymmetric part. This point will be clarified 
below for the specific case of the Yang-Mills sector. 

We now are in position of pointing out the main differences between the SME and the CEFT. Technically, the 
difference between the SME and the CEFT is that although both theories are made of gauge invariant operators, they 
carry Lorentz indices in the former case but not in the latter. In contrast with the NCSM, all the gauge invariant 
operators of the SME that carry an odd number of Lorentz indices cannot be converted in Lorentz scalars through 
contractions with the metric tensor and thus no link with the elements of the CEFT can be established. On the 
conceptual side, the differences between both type of formulations are even more profound, as the SME represents 
a model-independent low-energy formulation of Lorentz violation that incorporates together the SM and general 
relativity. On the other hand, the CEFT incorporates also in a model-independent way virtual effects of physics 
beyond the electroweak scale, which respects both the Lorentz symmetry and the SM gauge symmetry. Thus, by 
construction, the CEFT formulation does not incorporate Lorentz violation. 

As already mentioned, we are interested in studying the one-loop contribution of the extended Yang-Mills sector to 
the Qi — >■ Qj'-f transition. At first order in 6"^, the extended Lagrangian for the Yang- Mills sector associated with the 
5L/l(2) group can be written as follows Q^ 

C^Z = -lTr[W^,Wn-^9b"^O^p (3) 



where 



oS = Tr[Wo.^Wp,Wn 
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eabcW^.W'p^W'^^-'. (4) 



Here, W^i, = T°-W^^ is the gauge tensor associated with the SUl{2) group. It is worth to comment that the symmetric 
part of this Lorentz 2-tensor, namely O^^^ ^ = g'^^OA^ induces the anomalous WW^ vertex that was considered in 
references |23l - [27| in the study of the b ^ sj decay. Its phenomenological implications in other contexts have been 
studied by diverse authors [30, [Slj . In this work, we will study the contribution of the antisymmetric part of this 
Lorentz 2-tensor, namely C'(^)"^ = h"-^Ol^ to the b ^ s^ process. This is the difference between the study given by 



^ In this part of our presentation, wc will use 9°'!^ instead of b"'^ , as it is the notation used in the literature related with the NCSM. 
2 The other possible observer invariant b°'f^Tr[Wa0W,,^W'^''] vanishes. In fact, H/^^Vl/'='"'Tr[o-°o-''o-=] = 2iWll^W'='^'' e'"'"' = 0. 
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FIG. 1: The trilinear WWj vertex in presence of the background field b°'^ . 



the authors of references [23l - l27l | and the one that is presented in this work. From the above expressions, it is easy to 
derive the anomalous component of the WW^ couphng, which can be written as 

^wSv, = '{b'^^iW-.W^F^" + W+.W-'PF^, + W^^W+'PF^,). (5) 

Using the notation and conventions shown in Figll] the corresponding vertex function can be written as fohows: 

r^Ap(g, fc2, h) = ^ 6"^T;«r„^,^;,p , (6) 
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where 



and 



Tjl^^q^S^i-q^Si (7) 



ra/3r,{Ap(A:2, fca) = +{k2fjgi\ - k2!^gi3x)ik3agr,p - ky„^gap) 

+ gr)l3(k2aga\ - k2a gax){k^ g^p " ^SC^p) 

+ 5>)a(^2C<5J - k2ag^\){k3fSgcrp - k^^gfjp) . (8) 

From this expression, it is evident that T\pp{q, k2, k^) satisfies the foUowing simple Ward identities: 

q''rxpp{q,k2,k3)^0, (9) 

k^rxppiq,k2,k3) = 0, (10) 

kPTxppiq,k2,ks) = 0. (11) 

The first of this identities guaranties the electromagnetic gauge invariance of the qiqjj coupling, whereas the last two 
are responsible for the gauge independence of this vertex. Electromagnetic gauge invariance means that the photon in 
the qtqjj interaction only can appear through of the F^i, electromagnetic tensor field, which in turns implies that the 
vertex function associated with this coupling, F^, must satisfies the Ward identity q^T^ = 0. On the other hand, the 
gauge independence of the qiqjj coupling means that the vertex function does not depend on the procedure used to 
define the propagator of the W gauge boson [30]. These facts are still true in the case of an off-shell qtqj^ coupling. As 
we will see below, this transversality of the F^p^ vertex with respect to the pair of W gauge bosons is also responsible 
for the absence of ultraviolet divergences in the qi — > 5^7 decay. 

III. THE g, -^ Qj-y DECAY 

We now turn to calculate the one-loop effect of the antisymmetric component of O^i on the qi — )■ qj"f transition. 
This contribution is given through the Feynman diagram shown in Fig. [21 Before presenting our results, let us 
to argue why one can expect a gauge independent contribution to the qiqjj vertex. In first place is the fact that 
the 0^1 operator is not affected by the gauge- fixing procedure of the dimension- four theory. Also, there are no 

contributions from Goldstone bosons, as O^l does not depend on the mechanism responsible for the electroweak 
symmetry breaking. Due to this, all the vertices appearing in the Feynman diagram of Fig. [51 do not depend on 



the gauge-fixing procedure. In the R^-gauge, explicit gauge dependence only can be carried by the W propagators 
through their longitudinal components, which however do not contribute due to the simple Ward identities satisfied 
by the Txp^{ki, fc2, fca) vertex. As we will see below, this leads to an amplitude that is free of ultraviolet divergences. 
After these considerations, we can write the amplitude for the qi — > qjj process as follows 

M = eu{pj,Sj)Tf^u{pi, Si)e*^((7, A) , (12) 

where F^ is the vertex function characterizing the on-shell qiQjj coupling, which can be written as 

p — S_rpriiial3 \^ Tr T^* f d k Tai3crrjfi[k,Pi,Pj) 

' ^^ ^'^'''^'''J i27r)D[k^-mmk-p,r-mU{k-p,r-ml.]' ^'''> 



k 



with 



Tal3ar,f^{k,Pi,Pj) = P^.^^ ^^T afSr,i\pfi{k, Pi, Pj) ■ (14) 



Here ra0nixpf_,{k,pi,pj) = Ta/3rji\pi_,{k2 ^ -k+pi^ks ^ k - pj), Vij are CKM matrix elements, and Pr = (1 + 75)/2. 
It should be noticed that electromagnetic gauge invariance is satisfied automatically due to the presence of the TJJ^ 
tensor as global factor in the vertex function. The evaluation of the above integral is a nontrivial task due to the 
complicated Lorentz structure of the WW"/ vertex. However, the calculation can be greatly simplified if we make use 
of the antisymmetry of the background tensor field 6"^ and also of the T/^'' tensor, which is antisymmetric in the arj 
indices. Due to this, only the antisymmetric part in these pairs of indices of the Ta^arifj,{k,Pi,Pj) tensor can contribute 
to the r^ vertex function. Then, to evaluate F^, we have used only the antisymmetric part of Tai3crTiiiik,Pi,Pj), which 
is given by 



rjias _ 



^ [-^ aP<77]fi ^ Paarifi ) ^ \-^ al3rj(Tp ^ Pa-qafi ) 



(15) 



Once solved the loop integral and contracting the result with the TJI^ tensor, one finds that the vertex function can 
be written in terms of ten Lorentz tensor gauge structures: 

10 

r.^si^E^;' (16) 

where Sw stands for the sine of the weak angle. In the above expression, the T° tensors are electromagnetic gauge 
structures in the sense that they satisfy the Ward identity g^T^ = 0. Associate with these gauge structures there 
are form factors that quantify their relative importance. We now proceed to present and discuss the main features of 
these gauge structures and their associated form factors. We first present the gauge structures of dipolar type, which 
are the only present in flavor changing processes mediated by the photon within the context of conventional quantum 
field theory. This component of the qi — > qj^f transition can be written as follows: 

T^i - -tb"^{p,„p,0 - p,0p,^) I ^' ^ FIPl + J^' ^ F^Pr ] a^^q'^ , (17) 

where the dimensionless form factors F^ ^ are given by 

F'r = Fl{z^j). (19) 

In the above expression, we have introduced the short- hand notation Co and BqII) for the Passarino-Veltman scalar 
functions of two and three points that characterize the loop effects. The complete amplitude involves the following 
functions: 

Bo(l) = BoiO,ml,,mlr), (20) 

Bo{2) = BoiO,mlml,), (21) 

Bo(3) - Bo{mlml,m^w), (22) 

Bo(4) - Bn{mlml,ml.), (23) 



Co = Co(TO-,mj,0, m^,TO|,m^). 



(24) 



It is important to notice that these form factors are free of ultraviolet divergences without invoking the unitary 
condition for the CKM matrix J^k ^fe^fci ~ ^ij- ^^ course, those parts of the form factors which are independent on 
the internal quark mass m^, do not contribute to the amplitude, but they have been maintained by completeness. 
There is another gauge structure of dipolar type given by 



rpZ 



-iFI b"^{^iaqi3 - Ji3qa)PL(7^iuq'' , 



(25) 



where 






k 



2 mj — m 



2 [So(3)-So(4)] + - 



rSo(3) 



TO? 



mt — m^ 



rSo(4) 



(26) 



Notice that this form factor is free of ultraviolet divergences only after using the unitarity of the CKM matrix. Also, 
it is symmetric under the interchange i ^ j, as must be. 

As already mentioned, in conventional quantum field theory the Qi -^ qjj transition only can occurs through a 
gauge structure of dipolar type. However, when the process occurs in presence of the 6"^ background field, there is a 
significant increase in the number of gauge structures. We now proceed to list these gauge structures together with 
their associated form factors: 



rp3 _ ^afi 



raf — m?. 



FIPl 



2 2 



FrPr ilaqp - 7/39a) {Pt ■ 97m - P 



IfJ-flf ' 



(27) 



where 



Ft = 



n 



E 



V,kV:,i { 1 + 2ml,Co '.!^^^f^ [So(2) - B,{A)] + "^^^ + fw ^^l [5^(3) _ b,{A)] 



1 



Flii^j). 



(28) 
(29) 



jn4 ^ ^afi (^p^p^ + f^Pr) [ja{pi ■qgfit,- qfiPit,) - 7/3 (k -qgat,- gaK^)] 



(30) 



where 



Ft 






y 

k 



[Bo(3)-So(4)] 



m 



w 



rat 



miTrij 



2 2 

mf — m. 



[i?o(2)-So(4)]- 



2 2 

mf — mj 



[Bo{2)-Bom 



(31) 



Fti = T.^^kV:A -^-ml^Co 

k K 



mf — m?j 



Bo (4) 



2 2 

m^ — mf 



Bo (3) 



4(mf - m^) 



^[Bo(3)-i?o(4)] 



(m^ - mjf ( m] 



Amlfm3 



2 2 

mf — mj 



[Bo(2)-Bo(3)] 



TOi 



2 2 

TO^ — mj 



[Bo(2)-i?o(4)] 



(32) 



Notice that in this case F^ and _F^ are separately symmetric under the interchange i -^ j. The following gauge 
structure is given by 

Tl - h'-4 [{P^P 5aM - P^c. 9f>M ^ {p^f>q» - P^c.q0)l^.] {FI'Pl + F^^Pr) 



+ [{pjii gap - Pja gfiy)i - {pjpqa - Pjaqph,,] (fI'Pl + F^^Pr 



(33) 



where the Fj^ *' ■'' form factors can be decomposed as foUows: 

pi5i.5j) ^ pi5iS,5jS) ^ p(5iNS,5jNS) .g^x 

with S and NS stand for symmetric and nonsymmetric under the interchange i -^ j. These form factors are given by 



k I 

3m2 [mlB^ii) + mp^iA)] + Sm^^ [mp^(i) + mJB^(A)\ ) I , (35) 



Ff S ^ ^ ^^^^^* ^ ^ _ 1^2^^^ ^ ^^^2^^2)2 ( [3™?"^' + ^wi^l + "^')] [^o(3) + i?o(4)] 



.s^ws ^ ^r T/- I/* J "^fc""^vy _ m>j - m^(m^^ + mj) + (m^ - mi^){mi + 2m^) 
'i 2^ ^-^k Vkj \ 4( , _ ^2) 2(mf - mf) 



mf + m^^ - 2(m| + m^) K - m^)^ ^ ,^, 

TTT — 9 9^ -"Oi-Lj — -; — 97 — 9 9T-t'0(,^j 

2{mf - mj) 4mf{mf -mj) 

m\{m\ + 6m2) - (2 - ^) (to| - m^y)^ 
77 — 2 279 -Bo (3) 

mj - (3m|j, + ■ml){mf + mj) - A{m'l + m'^)m'^j - (to^ - to|)^ 

4(m| — inn?-Y 



Bo (4) , (36) 



k I 



^l''' = E ^^fc^^^- T77 + o^^^^o + , 2 ^2^2 K^o(3) + m|i?o(4)] 



- 4(m,^-l^)^ [^°(') + ^°(^)] + 4R3^ K^^o(3) + m,^Bo(4)] , (37) 



.5jiVS _ Y^,. .r* } J]}i-J]}w_ , "^f"^j - mljm^ + m^^) + (m^ - rn^)(rn^ + 2m^) 



F, - }^V,kV,^i^^-^—^ + ,:r-. Co 

k \ ■> 



L Z^ «* kj , 4^^2 _ ^2) ' 2(m2 - m2) 



mf + m|-2(m^+m^) ^ (1) ^ (w^ - m|)' 
4(m2-mf) "^ '^ Aw^Am^.-mlY 



mf - (ml + 2,m^^){mf + mj) - A{ml + m'^^)mi - (m^^ - mlf 



4(mf — m^)2 
m2(m2 + emf) _ (^2 - ^) (to2^^ - m^)^ 

4(?7l| — 771-^)^ 



So (4) . (38) 



Notice that F^^^^ <-> i^^-* under i -H- j. Also, it is important to notice that F|* and Fj^-' are free of ultraviolet 
divergences only after using J2k ^ik^kj — ^ij- The right-handed form factors are simpler, 

"4™,(m^2-m2) [^"(2) " ^°^^)] / ' (^^) 

^«' = F|l{^^J). (40) 

As it is evident, these form factors are free of ultraviolet divergences. 



Other gauge structure is given by 
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F]^ = i^l(*^j)- 



(42) 
(43) 



These form factors are finite only after using the ^j, Vife Vj,* = Sij relation, which is evident from the presence of the 
i?o(4) scalar function at the end of the expression for F|. 

The remaining four gauge structures are more complicated. To simplify the notation, it is convenient to introduce 
the following definitions: 



TafSf, = (PiaqfJ - Pif3qa)Pit, - {Pia gfSf, ^ Pifi gati)Pi ' 9 
Fap^i ^ {Pic^qP - Pil3qa)P3f, - {Pta 9 (if, - Pifi 9afi)pj ' q 

Tafif, = {Pjaqp - PjpqcdPt^i - (Pja gfif, - PjP gat,)p2 ' q ■ 
In terms of these tensor structures, one can write 



(44) 
(45) 
(46) 
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where 
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{(m^ + m)f + 20mfm'^j + 6m| + 6(m^ - m^)(2m2 + 3mj)] 
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1 



Co 
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+ (r 



W 



TO^ + 12mf{mj + m'^)) 
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^1 
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(49) 
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where 
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FIG. 2: Feynman diagram contributing to the flavor violating quark transition qi — ^ qj'y in the presence of the background field 
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1 
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+ 
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+ (m^ -ml)(mf + m| + 10mf{mf + 2m^) + 6m|(TO^ +to^) 



+2(m2^ - m2)(7m2 + 4m2))] [So(3) - So(4)] I , 
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(58) 
(59) 



IV. BOUNDING Anc FROM B ^ s'y 

As commented in the introduction, the B — >■ Xsj process is particularly sensitive to new physics effects. It results 
that the GIM cancelation, which is present in all flavor changing neutral current processes, is less severe in this case 
due to the large top quark mass. At the leading order (LO) in QCD, the b — s transition is described via an operator 
product expansion based on the effective Hamiltonian 



H, 



eff 



AGf 



^v,:v,,J2cd^')o,i^,), 



(60) 
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where the Wilson coefficients Ci{ii) are evolved from the electroweak scale down to /z = m^ by the Renormalization 
Group Equations. The Oi constitute a set of eight renormalized dimension-six operators |32| . From these, the Oi_6 
represent interactions among four light quarks, which are not of interest for our purposes. The remainder operators 
O7 and Og parametrize the electromagnetic dipolar transition and the analogous strong dipolar transition, whose 
contributions to the 6 — >■ 57 and 6 — >■ sg transitions are dominated by one-loop effects of the t quark and the W gauge 
boson. The corresponding amplitudes can be written as follows: 



3 

Q!2 



'80Fs 



W'-w 



MsMib -^ 57) = -VtbVZ^^-^ -C7ifi)s{p,)af,,e*''{q, X)q''{m,PL + 77ibPR)b{pb) , (61) 

a 






where e'^{q,X) and e^'(q, A) are the polarization vectors of the photon and gluon, respectively. Here, T° are the 
generators of the S'[/c(3) group, which are normalized as Tr{T°'T^) = (5°''/2, and as is the strong coupling constant. 
In our case, the new physics effects associated with the violation of the Lorentz symmetry only contribute to the 
electromagnetic dipolar transition. According to the results presented in the previous section, the gauge structures T^ 
and T^ are of dipolar type. As we will show below, the background field tensor 6"^ couples to the relevant kinematic 
variables of the process in a simple way. Accordingly, we write the new physics contribution of dipolar type as follows: 



MNp{b -^ 57) ^ s{ps) 

2V7rsf 



"w 



Pbo.b'^^Psp i^^FlP, + -^^^F^PjA +j^b'^^qpFlP, 



mt — mi mi — m,t 



a,,q'^e*^{q,\)b{pb). 



(63) 
In the context of the effective theory that we are considering, the total theoretical contribution to the b — s transition 
is given by the sum of the SM contribution and the new physics effects induced by the anomalous WWj vertex: 

Mt = MsM + Mnp- (64) 

However, due to the fact that it is reasonable to assume that the new physics effects is suppressed with respect to the 
SM contribution, we will focus on the interference term. From the Dirac structures of the two types of contributions, 
one can see that there is no interference between the SM amplitude and the new physics one characterized by the T^ 
gauge structure. So it will be ignored in the following. Our main objective in this section is to get a bound for the 
Knc scale. We will follow closely the analysis given in Ref. [20|. The discrepancy between the theoretical prediction 
within the SM and the experimental measurement can be quantified via the following ratio: 

n _^EXP-^SM BrExp{B^Xsj) 

tiEXP-SM = 7; ~ -5 7^ — — r; — ^ - 1, (D5j 

TsM BrsM[B ^ Xs"f) 

where Texp is the experimental decay width of the B — > Xg^ transition and Tsm is the corresponding theoretical 
prediction of the SM. In addition, Btexp and BrsM are the respective branching ratios. The current experimental 
value which is given by the Heavy Flavor Averaging Group (HFAG) [33| along with the BABAR, Belle and CLEO 
experimental results is Br{B -J> ^^7) = (3.52 ± 0.23 ± 0.09) x 10"" for a photon energy E^ > 1.6 GeV. On the 
theoretical side, the SM prediction at the next to next leading order is Br{B — > Xg-f) — (3.15 ± 0.23) x 10~* for 
E^ > 1.6 GeV [34]. Using these results, it is found that the discrepancy between theory and experiment is given by 
Rexp-sm = 0.117 ± 0.113 [20|. To constraint the Ajvc scale, we will assume that the total theoretical prediction, 
i.e., the SM prediction plus the anomalous WW^ vertex contribution, coincides with the experimental value. Thus, 
we define the ratio 

J-, _ ^SM+NP — TsA/ BrsM+NP , ,„„^ 

n-TOT-SM = f; — — 5 I7 (Dbj 

i SM orsM 

which quantifies the theoretical discrepancy between the effective theory prediction (SM plus new physics effects) 
and the SM prediction. We now demand that Rtot-sm ~ Rexp-sMi which allows us to obtain a bound for Ajvp. 
Before doing this, some extra considerations are required. Working out at the LO, which is sufficient for our purposes, 
the SM QCD corrected contribution can be written as follows: 






MsAiib -^ S7) = -VtbVZ-^^ -C^"imb)sips)a^,e*^iq, X)q''imsPL + mbPpXpb) , (67) 
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where C^ {rrib) = 0.689 C7(mvi/) + G.Q&l C^{mw) is the effective Wilson coefBcient at the mf, scale ^53]. Similarly, 
the corresponding new physics approximated contribution can be written as follows: 

^ / 

MNpib -^ sj) = ^ CNps{ps)h'^^ PbaPs/S^r^-^FlPL 



20Fs2 



7716 



PbcPsp^^F^PR <J^,q''e*^{q, X)b{ph), (68) 



m2 



where Catp = 0.689 + 0.087/Qe and Qe is the electric charge of the electron. 

Once squared the total amplitude and used the assumption Rtot-sm ~ Rexp-sm, one obtains the constraint 

Pbch'^^Psp < 2.3 X 10-6 . (69) 

On the other hand, the background field b"^ affects the kinematics of the process as follows: 

Pbab°''^Psf3 = -r2— ( ^6 6 • Ps - £;« e • Pb + b • (pb X p^) ] , (70) 

where E^, and E^ are the energies of the h and s quarks. In the rest frame of the h quark, the above expression takes 
the simple form 

^-^°"«^5(£7)'('-3)""^' <^" 

where x is the angle formed by the Ps and e vectors, whereas e represents the magnitude of the electric-like constant 
e fields. It is interesting to notice that the background &"^ field naturally links the relevant scale of the process m^ 
with the new physics scale h.LV- Assuming that e cosx ^ 1, we obtain 

Alv- > 1.96 TeV. (72) 

It is worth comparing our bounds for the Lorentz violation scale with those obtained in the context of the NCSM. 
The best place to look for signals of space-time noncommutativity experimentally is in strictly forbidden processes, as 
the Z -^ 77 decay [36| . The experimental limit on this decay has been used to impose the constraint Ajvc > 1 TeV [33] 
on the noncommutativity scale^. Quarkonia decay modes into two photons, which also are strictly forbidden in the SM, 
have been proposed as a possible signature of space-time noncommutativity, allowing to estimate a Ajvc in the range 
0.5 — 1 TeV [3g]. On the other hand, the bound Ajvc > 80 GeV was derived from astrophysical considerations [33] ■ 
More recently, the bound Ajvc > 3 TeV was obtained with primordial nucleosynthesis [4^]. Stronger bounds for the 
noncommutativity scale have been derived in other contexts p, |41| . See however reference [42] . 

V. CONCLUSIONS 

The presence of preferred directions in space is an unmistakeable sign of the Lorentz symmetry violation. In 
this work, some phenomenological implications of a constant antisymmetric tensor field 6"^, which can arise from 
general relativity with spontaneous symmetry breaking or from field theories formulated in a noncommutative space 
time, were studied. The gauge and Lorentz structure of the coupling of this background field with a dimension-six 
5f7L(2)-invariant and Lorentz 2-tensor Oa.fi operator were analyzed. The one loop implications of the trilinear WWj 
vertex that arises from this extended SUl{'2.) Yang- Mills sector on the flavor changing electromagnetic quark transition 
Qi -^ Ijl were studied. Exact analytical expressions for this process were derived. It was found that the corresponding 
vertex function is characterized by ten electromagnetic gauge structures, which are gauge independent and free of 
ultraviolet divergences. The phenomenological implications at low energies were studied by applying this general 
result to the & — >■ 57 decay. Current experimental data on this process were used to derive the bound A^y > 1.96 TeV 
on the Lorentz violation scale. This bound is more stringent than those derived in the context of the noncommutative 
standard model from some forbidden processes and similar to the one derived recently in the same context from a 
primordial nucleosynthesis. 



Here, we will use the notation Ajvc instead of Aj^v'i S'S it is the one used in the context of noncommutative theories. 
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